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Hydrogeology and Potential for Ground-Water
Development, Carbonate-Rock Aquifers,
Southern Nevada and Southeastern California

by Thomas J. Burbey

Abstract

In southern Nevada, 17 hydrographic areas
were selected by the U.S. Geological Survey to
assess the potential for development of ground
water in the underlying carbonate-rock aquifers.
The assessment was based on a summary of
geologic and hydrologic information developed as
part of the Nevada Carbonate Aquifers Study
and information compiled from previous investi-
gations.

The 17 hydrographic areas were selected
from among 48 hydrographic areas in southern
Nevada on the basis of an evaluation of the
geologic framework, hydrologic setting, and
public accessibility. All selected hydrogra idc
areas lie within the miogeoclinal belt wher *hick
sequences of carbonate rock accumulated ..
hundreds of millions of years. Major deforma-
tional episodes greatly modified the area, but in
general, the less-extended areas tend to contain the
thickest continuous sequences of carbonate rock
at depth. Most of the selected hydrographic areas
lie within these less-extended terranes; however,
several areas, or parts of areas, lie within severely
extended terranes where deformed blocks of
carbonate rock are discontinuous and isolated
from surrounding carbonate rock or where
little or no carbonate rock remains at depth.

Three principal criteria were used to assess
the development potential beneath the basin-fill
deposits of each selected hydrographic area.
These quantitative criteria are (1) depth to water,
(2) depth to and thickness of carbonate rocks,
and (3) water quality. Other site-specific factors
such as accessibility and effects of ground-water

development are also discussed. However, water-
right availability under Nevada water law was not
considered.

Results of the hydrographic-area appraisals
based on available geologic and hydrologic infor-
mation suggest that sites with high potential for
development of ground water in carbonate rocks
may be scarce in southern Nevada. Areas
described as favorable by using the three criteria
were assessed qualitatively on the basis of possible
short- and long-term effects associated with devel-
opment and on the amount of available data used
to make the assessment. These results suggest that
many sites classified as favorable from the quanti-
tative assessment were deemed unfavorable on the
basis of the qualitative criteria. The most favorable
sites appear to be in more severely extended ter-
ranes where development of isolated areas of
carbonate-rock aquifers would be less likely to
affect adjacent areas.

INTRODUCTION

As the population of Nevada continues to grow at
a rapid rate, the Nation's driest State faces increasing
demands for water. Sources of ground water from
basin-fill aquifers are fully or over appropriated in
many areas in southern Nevada. The possibility,
therefore, of tapping the relatively unexplored
carbonate-rock aquifers as a source of potable
ground water has been the focus of much interest
in recent years.

In 1985, a cooperative effort began with the
State of Nevada, Las Vegas Valley Water District,
Desert Research Institute, City of North Las Vegas,
and U.S. Department of the Interior (U.S. Geological
Survey and Bureau of Reclamation) to study and test
the carbonate-rock aquifers to assess their potential for
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development (known as the Nevada Carbonate Aqui-
fers Study). As one of several reports from the study,
this publication is intended to provide water managers,
landowners, scientists, and policy makers with a refer-
ence that summarizes hydrogeologic information for
specific hydrographic areas.

Purpose and Scope

The purpose of this report is (1) to describe the
geology and hydrology of the carbonate-rock aquifers
in southern Nevada, and (2) to evaluate the potential
for development of their water resources. To achieve
these objectives, 17 hydrographic areas were selected
by the U.S. Geological Survey from the 48 such areas
that constitute the southern part of the State. The 17
areas were selected on the basis of the presence of thick
sections of carbonate rock within the hydrographic
area, the availability of geologic and hydrologic infor-
mation needed to adequately evaluate the potential for
development, and the accessibility to the area. The
potential for development of each selected area was
determined on the basis of depth to water, depth and
thickness of carbonate rocks, and water quality.

In addition, this report describes the geologic
processes that have affected each of the selected areas
and provides such information as the depth to, and
the thickness and extent of, carbonate rocks beneath
basin fill. The hydrologic framework of each area is
described and pertinent data such as estimates of
recharge and discharge, depth to water, water quality,
and location of wells and springs tapping basin fill and
carbonate rocks are provided. Geologic controls that
affect the location and movement of ground water are
also described.

Hydrogeology of Southern Nevada

The area that includes the present southern Great
Basin has undergone a diverse and complex geologic
history that has spanned hundreds of millions of years.
The fault-block mountains and alluvial basins that are
dominant in the area today are a result of only the past
20 million years of geologic activity (Stewart, 1980;
Guth and others, 1988; Smith and others, 1987a, b;
Wernicke and others, 1988a). Most of the geologic
past has been pieced together from the structure and

composition of the rocks exposed at the surface. This
formidable task was somewhat simplified in this study
by segregating the numerous lithologic units into five
hydrogeologic units on the basis of their ability to
transmit ground water and their effect on ground-water
quality. The five units are described in chronological
order beginning with the youngest unit (see table 1
for approximate ages).

Quaternary and Tertiary basin-fill deposits—
includes alluvial, fluvial, fanglomerate, lake, and
mudflow deposits. These deposits also include the
Muddy Creek and Horse Spring Formations of Tertiary
age. These Tertiary formations include siltstone,
gypsiferous sandstone, conglomerate, gypsum, and tuf-
faceous sedimentary rocks. Basin-fill deposits gener-
ally are of high permeability and constitute the primary
aquifers in the State, but may produce low-quality
ground water in areas where evaporite minerals (for
example, Tertiary deposits containing gypsum) are
present.

Tertiary rocks—chiefly volcanic rocks consist-
ing of welded to nonwelded ash-flow and ash-fall tuffs,
basalt, and rhyolite flows. The unit may also contain
varying amounts of sandstone, siltstone, and conglom-
erate, as well as intrusive rocks. This unit is generally
of low permeability, although some welded tuffs are
effective aquifers (Winograd, 1971). Generally, this
unit tends to act as a barrier to ground-water flow.

Table 1. Geologic time scale showing eras, periods, and
approximate ages used by the U.S. Geological Survey

Age
(approximate

Era Period millions of years
before present)

Cenozoic Quaternary 0-1.7

Tertiary 1.7-66

Mesozoic Cretaceous 66-138

Jurassic 138-205

Triassic 205-240

Paleozoic Permian 240-290

Pennsylvanian 290-330

Mississippian 330-360

Devonian 360-410

Silurian 410-435

Ordovician 435-500

Cambrian 500-570

Precambrian Greater than about 570
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GLOSSARY

The definitions presented in this glossary have been modified
from Bates and Jackson (1987), Fiero (1986), and
Lohman and others (1972).

Accretion—process by which the continents increased in
size by addition of an island arc—a chain of islands
margined by a deep trench and a deep sea basin.

Anticline—a fold in rocks in which the strata dip outward
from both sides, away from the axis. An anticline is
convex.

Aquifer—a permeable geologic unit that can transmit
significant quantities of water.

Block fault—a high-angle normal fault in which a block is
downfaulted relative to adjacent blocks.

Broken terrane—region of severe extension, characterized
by imbricate faults (domino-style faulting), rotated
blocks, and gravity slides (slumping of large rock
masses under the influence of gravity).

Clastic rocks—consolidated sedimentary rocks (such as
sandstone and shale) composed of transported frag-
ments of older rock.

Compressional tectonics—mountain-building process
resulting from collision of two crustal plates and char-
acterized by large low-angle faults (thrust faults)
causing a thickening of the crust.

Confining unit—a body of relatively impermeable material
stratigraphically adjacent to one or more aquifers.

Detachment—a low-angle normal fault that usually
comprises the lower boundary of an extensional rock
mass.

Dry playa—a flat-lying dry lakebed located within a desert
basin representing the terminus of drainage from
surrounding areas. .

Evaporite—a salt-rich sedimentary deposit resulting from
evaporation of saline water.

Extensional tectonics—large scale spreading or “pulling-
apart” of the Earth's crust, resulting in areas of broken
terrane and thinning of the crust.

Fracture porosity—the fraction of the total porosity that
results from fractures, joints, and solution cavities; also
called secondary porosity.

Ground-water storage—the volume of water that a unit
volume of aquifer releases under a unit decline in water
level. In confined aquifers, storage represents the quan-
tity of water released due to compaction of the aquifer
and expansion of the water. In unconfined aquifers, the
quantity of storage also includes the water obtained
from gravity drainage of the aquifer.

Hydraulic gradient—the change in water level over a spec-
ified distance along a flow path.

Interstitial porosity—a ratio representing the volume of
voids within the matrix of the porous medium to the
total volume of porous medium.

Island arc—a chain of volcanic islands separated from the
continental margin by a deep submarine trench.

Miogeocline—a large linear trough that subsided deeply
over a long period of time during which thick deposits
of sedimentary rocks accumulated.

Permeability—the ability of a porous medium (aquifer) to
transmit water.

Piedinont—the sloping area transitional between the valley
lowlands and the mountain block.

Potentiometric surface—a surface that represents the static
hydraulic head. As related to an aquifer, it is defined by
the levels to which water will rise in tightly cased wells
within a specific aquifer or stratum.

Shear zone—a strike-slip fault or series of faults (faulting
that represents lateral movement) in which the rocks
along the fault have been sheared or crushed.

Specific yield—a ratio of the volume of water a porous
medium yields by gravity, after being saturated, to the
total volume of porous medium. The value is usually
given as a percentage.

Stable terrane—Ilarge rock mass that has been only slightly
or moderately extended relative to adjacent rock mass;
characterized by thick, coherent sequences of rock.

Syncline—a fold in rocks in which the strata dip inward
from both sides toward the axis. A syncline is concave.

Thrust fault—a low-angle (less than 45°) fault in which the
mass of rock above the fault plane has moved upward
relative to the mass of rock beneath the fault plane.

Thrust sheet—a rock mass or sequence of rock units that
have been moved over another rock mass or sequence
of rock units during the process of thrusting and
resulting in a thickening of the crust.

Total porosity—a ratio representing the volume of voids
(includes primary and secondary porosity—that is,
interstitial porosity, fractures, and solution cavities) to
the total volume of porous medium.

Unconformity—a surface of erosion that separates two rock
sequences of different ages.

Water table—the ground-water surface in unconfined aqui-
fers (under atmospheric pressure).
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